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ABSTRACT

A computer modeling and simulation approach that
meets the needs of both the prociss and safe-
guards system designers is described. The re-
sults have been useful to Westinghouse Hanford
Company process designers in optimizing the
process scenario and operating scheme of the
Secure Automated Fabrication line. The combined
process/measurements model will serve as the
basis for design of the safeguards system. In-
tegration of the process design and the safe-
guards system design should result in a smoothly
operating process that is easier to safeguerd.

I. INTRODUCTION

The safeguards systi:m engineer must be
knowledgeable of the procrss scenarios, operat-
ing schemes, ap' the prccess measurements and
their associated errors vhen he designs a safe-
guards aystem. It is desirable that the process
operate amoothly, with minimum downtime and re-
cycle streams, to simplify the materials control
and accounting asyatem. The process designer
would like assurance that the proceas acenario
and operating scheme will provide the required
product output. In addition, the procean de-~
signer would like to be aware of potential bot-
tlenecks and know that adequate buffer storage
capacity has been provided. This paper de-
scribes a modeling and wimulation approach that
meots the needa of both the proceas and safe-
Ruarde syntem denignern.

Computer modeling and asimulation was ap-
plied to the Secure Automated Fabrication (SAF)
linel to be located in the Fueln and Mate-
riala Examination Facility, now under conmtruc-
tion at  the Hanford Engineering Development
Laboratory, Richland, Washington, The SAF proc-
ean line is scheduled to begin production of
uranium-plutonium mixed=oxide fuel pina in 1087,
with a deaign throughput of 6,000 kg/yr. During
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evolution of the process design, many different
process scenarios and operating schemes were
modeled. In addition, a detailed study of the
Boat Transport System in the SAF line wss per-
formed.

ITI. PROCESS DESCRIPTION

A. The SAF Process

In this paper, we shall be concerned only
with the powder aid pellet operations of the
mixed-oxide fuel-fabrication process. A model
of the operations of fuel pirn fabrication is
presently under construction. A schematic of
the SAF line powder and pellet operations is
shown in Fig. 1.

fhe SAF proceas commences with batching
and blending of uranium oxide and plutonium
oxide powders. An organic binder and pore
former is added to the blended powders, followed
by compaction and granulation. After the addi-
tion of lubricant to the granules, pellets are
pressed at two independent pressing atations
The pellets are loaded into boats that pass
through debinding and sintering furnaces. The
sintered pellets are saapled and analyzed for
conformance to apecifications. The pellets are
then ground to asize and inapected. Finally,
pellets are loaded into cladding and fabricated
into fuel pins.

B, _The Boat Transport System

The Boat Tranmport System is the vital link
botween several subsystems in the pellet opera-
tions part of the SAF line. The Boat Transport
Syatem conwiata of two loop conveyors and many
interface conveyors that lead to or from other
subayatems, A diagram of the aystem is shown
in Fig. 2, Undar normal operating conditions,
boats will be loaded with green pelleta in
Proasing and Boat loading and will be trana-
ferred onto a carrier on Conveyor Loop A, ‘oats
are transported to the inlet »t the Dbebinding
Furnace, pasn through the furnace, and move on
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Fig. 1. A nchematic of the SAF process.

the exit inferface belt to Conveyor Loop B.
Roats are then transported to the Sintering
Furnace inlet. After paassing through the fur-
nace, boats exit to Conveyor loop B and are
tranaported to Boat Unloading, After unloading,
hoats are tranaferred to Convevor Loop A, which
trausporta them to Boat Inspection and Cleaning.

Sintered pelleota requiring further degana-
ing will be loaded into canisters and trana-
ferrid from Pellet Storage onto Conveyor Loop A,
which transports the cann to Property Adjust~
ment . After procesming in the furnace, the
canisters are conveyed back to Fellet Btorage
on Loop A,

Green scrap is collected in special boats.
These boats pass through the Debinding and Sin-
tering Furnaces and remain on Loop B until they
are removed once a week through the waste bagout
port on Loop B and sent to Dry Recovery.

I11I. MODELING AND SIMULATION METHODOLOGY

A. Powder and Pellet Operations

Three different process scenarios and many
operating schemes were modeled as the process
design evolved. In all cases, two 100-kg
batches of mixed oxide cre processed each week.
In the first scenario, a batch is taken as a
unit through the entire process. Pellets are
pressed twice a week; each pressing run lasts
approximately two shifts. In the second sce-
nario, the material is divided into 10-kg sub-
batches following the powder blending opera-
tions, Pellets are pressed five days/wk, one
shift/dey. In the third scenario, the operating
scheme was changed to allow batching and blend-
ing on the same day and pellet pressing four
daya/wk, one shift/day.

The simulation was performed using the
SLAM Il simulation language? on a PRIME 750
computer. To yield information of use for proc-
ess design, the proress models must include much
more detail than is ordinarily required for the
design of a safeguardes system. The necessavy
information was obtained hy a detailed examina-
tion of the process flow sheets and operating
schemes and by discussions with process design
engineers. Equipment failure rates and mean
repair times were estimated. Equipment failures
were modeled to occur randomly. Simulation of
one year's process oprration required 45 min of
computer time. In general 10 one-yr simulations
were performed for each scenario or operating
acheme to acquire sufficient statiastics,

Proceas oper ation was alwo simulated with
no equipment failures to dete.mine the theoret-
ical maximun, ouvput. Comparison of the results
with thome from aimulations that include equip=
ment  failures but pive asatiafactory product
yieldn allows the process deaigner to calculate
the required uptime of oeach subaystem of the
procean.

B. Boat Tranaport System
The Debinding and Sintering Furnaces, RBoat

Unloading, Property Adjustment, and, of course,
the Boat Tyranaport System operate 24 h/day,
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7 daya/wk, Thke Boat inspection -nd Clecning
atation, which is manually operated, was sched-
uled to operste only 5 daysn/wk, one shift/day.
The similat.on was performed to anawer cpecific
questions about the performance and operability
of this aystem. Woald these operatiny hours be
sufficient to provide the necessary supply of
clean boata to Premsing and Boat Loading? How
many dirty boats would be waiting on Conveyor
Loap A and the hoat inspection inlet cooveyer?
How full are the conveyor loops and how much of
the available time are they in operation, com-
pared to demign criteria?  What operuting scneme
should be adopted for the Boat Cleaning and
Inapection atation?

Operation of the Boat Transport Syatem was
similated, asnuming no equipment failures, for
1000-2000 h., The reaulta presented here are

Block diagram of Boat Tranaport System.

for the third week of operation (hours 504-6/2)
during which time the system is at steady state.
Thiee operating sachemes for boat inspection
were considered.

1. Scheme_A. All unioadad, dirty boats
und all empty boats must be cleaned and in-
srected before re-use. An exception im that
empty boats that come out of the Debinding Fur-
nace may go directly to the Sintering Furnace
if needed there; otherwise, they are transporced
to Doat Inspection by the shorteat route., Boat
Inapection and Cleaning ia operated 5 days/wk,
12 h/day.

4. Scheme B. Boat Inapection and Cleaning
in cperated 7 daya/wk, 9 b/day, All unloaded,
dirty boats and all empty boata muxt be cleaned
and inspected before rea-une, as in Scheme A.



3. Scheme C. Empty boats that have passed
through the Debinding and Sintering Furnaces
may be re-used without first going through Boat
Inspection. Twelve empty boats are maintained
on Conveyor Joop B for use in the sintering fur-
nace, as required. Boat Inspection and Cleaning
is operated 5 days/wk, 8 h/day.

IV. RESULTS AND DISCUSSION

A. Powder and Pellet Operations

The simularion results include much valu-
able information to both the safeguards system
engineer and the process designer. A partial
list of arailable information is given in Tzble
I. One important result is -~vhether the Jdesign
throughput has been achieved. average yields
for the process scenarios with and without
equipment failures are given in Table II. Each
value in the "with failures'" columns is an aver-
ape of the results obtained in 10 one-yr simu-
laetions.

The second process scenario obviously gave
ursatisfactory yields. What bottleneck in the
process caused the low throughput? Could yields
above 6000 kg/yr be attained bv changes in the
operating scheme? An answer to the first ques-
tion was sought by comparing the number of boats
in the debinding and sintering furnace queues
for Scenarios 1| and 2 #nd by exanining plots of
the time history of the loaded product bhoats
waiting at the debinding furnace and actually
in the frinace ror Scenario 2. Comparison of
the queue lengths (see Table II1) showed that
fewer boats were woiting to enter the iurnaces
in Scenario 2. The plcts showed that, at regu-~
lar inte-vals, there were no loaded boats in

TABLE &

PROCESS INFORMATION AVAILABLE FROM
MODELING AND SIMULATION

e Total throughpur under wormal operation

and under upset condi!ions

Scrap accumulation

Surge Atorwge capacity needed

Identification of pinch pointa

Minimum ani average procesning times

Effect of variations in procesw.ng rates

Number of failures and total downtimes or

key equipment items

Queue lengtha at proceas operationa

Equipment utilization factors

o FEffact of alternative procvean line
mcenarios or operating acnemes

TABLE II1

AVERAGE PRODUCT YIELDS

With Failures Without Failures

Process  Yield No. of* Yiald No. of
Scenario  (kg)* Batches  (kg) Batches
1 7457 88.6 8366 99
2 5317 66 7160 88
3 6407 80 7751 96

*Values are the averages obtained in 10 one-
yr simulationgs.

the queue and no loaded boats in the debinding
fuinace. The bSottleneck was found to be at
Binder Addition, where binder was added to 4-kg
sub-batches of mixed oxide in cans, the cans
sealed, and the contents blended--one can at a
time. This time-consuming operation af‘ected
41l subsequent process steps.

Several additioual simulations were per-
formed to determine if hLigher throughput could
be attained by a change in operating scheme.
The major modification involved processing 5
batches every 2 wk, instead of 2 batches/wk.
Other modifications involved keeping spare can
handling equipment on hand to use as replace-
ments for wmalfunctioning units and uaing the
spare sintering furnace or another furnace to
proccs: green Bcrap. The results of these sime-
lations, summarized in Table IV, show that the
process scenario and equipment were not limiting
factcra and that satiafactory yields may be
achieved by appropriate changes in the operating
¢ cheme .

TArLE 11

COMPARISON OF QUEUE LENGTHS FOR
PROCESS SCENARIOS 1 AND 2

Debinding Sintering
urnece _Furnace
Maximum 'ength
Scenario 1 181 197
Scenario 2 109 128
Average length
Scenarvio | 25 67
Scenarvio 2 10 23



TABLE IV
EFFECT OF CHANGES IN OPERATING SCHEME:
SCENARIO 2
Product Yieid
Operating Scheme (kg/yr)*
Two batches/wk 5317
Five batches every 2 wk
Nominal 6135
Spare can-handling equipment 6524
Green scrap through other 6620

furnace

*Average of results from 10 one-yr simulations.

The simulation results permit construction
of process materials balances that include the
total quantity of scrap and analytical samples
accumulated during the y2ar. A typical mate-~
rials balance for one year's operation is given
in Table V. This information is useful in the
design of an adequately sized dry scrap recovery
process.

The simulation results also include data
on the average and maximum number of boats in
use, the number of boats on the loon conveyors,
queue lengths and waiting times at various proc=
ess operations, the maximum number of cans of
pellets in surge nrtoruge areas, and the number
of failures and total downtimes of key equipment
itema. Fquipment failures were modeled to occur
at random times. When the Weibull distribution
with the shape parameter set equal to 3.5 was
used, the mean of the range of failures and
repair times obtained in the sirulation agrees
well with the estimated values. The -esults of
the simulations allowed determination of poten-
tial bnttlenecks 1n the process and estimates
of capacities of in-process storage areas that
would be required under upset conditions.

The simulation enables the safeguards sys-
tem designer to track a production batch through
the procrws as a functio: of time and location.
In actual proceas operation, all nuclear mate-
rial will be mensured aund identified as it
pasmaes from one processing area to another, and
materiale balancean will be calculated within
24 h. In the future, comparison of the process
data with information given by computer simvla-
tion will aid the process operator in detecting
any abnormalities in a timely manner.

TABLE Vv

TYPICAL MATERIALS BALANCE

Stream Quantity (kg/yr)
Input 9064.83
Qutput
Product 7582,25 83.64%
Scrap 1159.02 12.79%
Samples 218.28 2.41%
Sintering weight loss 41.96 0.46%
In-process inventory 63.32 0.70%

Total Output 9064.83 100.00%

B. Boat Transport System

Simulation of the three operating schemes
gave data on the total! number of boats in use,
the number of boats on each conveyor loop, the
usage of each loop (hours/week), the length of
the queue of dirty boats at Boat Inspection,
and the available clean boats at the inlet to
Pellet Presiing and Boat Loadirg. Hourly values
were calculated for four of (hese parameters.

Of the three operating schemes investi-
gated, two gave satisfactory results. Scheme B,
in which the Boat Inspection and Cleaning sta-
tion is operated 7 days/wk, 9 h/day, is satis-
factory if all boats must be clea~ed and in-
spected before re-use. Scheme C, in which Boat
Inspection is operated 5 days/wk, 8 h/day, iu
suitable if empty boats may be re-used without
cleaning and inspection. In both of the satis-
factory schemes, the conveyor loops are never
more than 45% filled and are in operation less
than 30X of the available time, which meets
design specifications.

Some resu! » of the simulation for Scheme A
are Riven as an example of the output available
and to demonstrate why Scheme A was unsatisfac-
tory. The results are summarized in Table VI
and Figs. 3-3. The maximum number of boats on
Loop A is 89, and the averaye number exceeds 6)
(which is 50% of the capacity, the design speci-
fication) on Monday, Tuesdsy, and most of Wed-
nesday (see Fig. 3). luop 6 is always less than
one-fourth full. The number of boats processed
daily at Boat Inapection 1s 53 Mounday through
Thureday and 42 on Friday. This processing rate
is insufficient to furnish the numoser of clean
boats required at Pressing and Boat Loading



TABLE VI
SIMULATION SUMMARY FOR SCHEME A

All boats pass through Boat Inspection.

Boat Inmspection and Cleaning operated 5 days/wk,
12 h/day.

Total boats in use: 145 regular + 14 scrap
boats.

Maximum number of boats on Loop A: 89
Maximum number of boats on Loop B: 25
Loop A in use 26.85X of time (45.11 h/wk)
Loop B in use 22,15% of time (37.21 h/wk)

Maximum length of queue

Debinding Furnace 32 boats
Sintering Furnace 32 boats
Boat Inspection 98 boats

Maximum number of clean empty boats available
(before weekend) 78

during the first part oy the week (see Fig. 4).
Additional clean boats would have to be bagged
in, a time-ccnsuming operation. Further, the
queue of dirty boats at the inlet to Boat In-
spection is very long most of the week, dimin-
ishes briefly on Friday and Saturday and then
quickly builds up again to a maximum (f 98 (see
Fig. 5). 1llost of these boats muat be stored on
Conveyar loop A. Clearly, Scheme A is unaccept-
able.
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V. SAFEGUARDS SYSTEM DESIGN

The process design for the SAF line is not
yet finul. Additional modeling and aimulation
of the process and the boat transport asystem is
in piosress. Data or process measurementa are
being added to the powder and pellat operationa
model. The combined process/measurements model
will eserve aa the basis for design of the aate-
RUATdS Bsystem. Various materials contrul and
wtcounting schemes can then be tested to deter-
mine their sensitivity ‘or detection of losn of



materia.. Because more than 2000 kg of pluto-
nium oxide will be fabricated into mixed ura-
nium-plutonium oxide fuel pellets annually,
gselection of an effective safeguards system is
of prime inportance.

VI. CONCLUSIONS

The computer modeling and simulation ap-
proach has been valuable in estimuting in ad-
vance how well a given process scenario or oper-—
ating scheme would perforwm. The results have
been useful to the process designers at Westing-
house Hanford Company in optimizing their de-
signs for the configuration and operation of
the SAF line,

In the past, safeguards systems had to be
designed tc fit an existing proucess. MNow, for
the first time, the saf.guards system engineer

has participated in the process design. The
result should be a smoothly operating process
that is easier to safeguard.
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